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振造影性能进行研究。结果表明，Fe5C2 纳米颗粒可以高效地缩短水质子的 T2 弛
豫时间，是一种潜在的高性能 T2 磁共振造影剂。 
































Magnetic resonance imaging (MRI) contrast agents with the ability to shorten 
relaxation time of water protons can greatly improve the accuracy and specificity of 
MRI. Therefore, the search for MRI contrast agents with high efficiency is desirable 
and of great importance. In this thesis, three kinds of magnetic nanomaterials are 
exploited to serve as high-performance contrast agents for efficient MRI. These 
investigations are summarized as follows: 
Firstly, we synthesized 20 nm Fe5C2 nanoparticles and investigated their MRI 
contrast abilities. We demonstrated that the 20 nm Fe5C2 nanoparticles with high 
saturation magnetization and remarkable oxidation resistance can effectively shorten 
T2 relaxation times and produce significant T2 contrast enhancement, is an excellent 
candidate for high-performance T2 contrast agents. 
Secondarily, to understand the factors that impact T1 and T2 contrast abilities in a 
given magnetic nanomaterials, we chose superparamagnetic manganese-doped iron 
oxide (MnIO) nanoparticles as an example and investigated their MRI contrast 
abilities. We fabricated uniform MnIO nanoparticles with different sizes and revealed 
that the MRI contrast effects are highly size-dependent. By controlling the size, we 
can tune the MRI contrast ability of MnIO nanoparticles from T1-dominated, 
T2-dominated to T1-T2 dual-mode. 
Thirdly, we report a facile way to prepare iron oxide nanoparticles/carboxylic 
graphene oxide (IO/GO-COOH) nanocomposites for theranostics combined effective 
MRI and thermal therapy. GO-COOH was used as transferring agents to transfer the 
hydrophobic IO nanoparticles into aqueous media, and the clustering of IO 
nanoparticles on GO-COOH sheets can be achieve in such one-step process. Taking 
advantage of the two-dimensional structure of GO-COOH, the clustered IO 
nanoparticles anchoring on GO-COOH sheets present significant increase in T2 















IO/GO-COOH nanocomposites can efficiently kill cancer cells and inhibit tumor 
growth by the photothermal effects. 
In conclusion, we have synthesized several kinds of magnetic nanostructures and 
comprehensively investigated their MRI contrast abilities and potential biomedical 
applications. These investigations not only provide several strategies to achieve 
high-performance contrast agents, but also may help to better understand the 
mechanism of T1 and T2 shortening of contrast agents. 
 



















磁共振成像（magnetic resonance imaging，MRI）是以核磁共振（nuclear 
Magnetic Resonance，NMR）现象为物理基础的一种医学影像技术。以磁共振成
像命名而省去“核”字，为的是突出这项检查技术不存在对人体有害的电离辐射
的优点，使之区别于使用放射性核素的核医学检查及 X 射线检查[1]。1946 年
Purcell








如图 1-1a 所示，在外加恒定磁场 B0 中，具有自旋特征的原子核除了不断绕








频率一致的射频脉冲的作用后，其净磁化强度 M0 的方向将翻转至垂直于 B0，即
Mxy 方向。当停止射频脉冲的作用之后，自旋磁矩将逐渐回到最初的平衡状态，
这种现象称为弛豫。弛豫过程事实上包含着两个同时发生的过程：一是纵向分量




















Figure 1-1 Principle of magnetic resonance imaging. (a) Spins align parallel or 
antiparallel to the magnetic field and precess under Larmor frequency. (b) After 
induction of RF pulse, magnetization of spins changes. Excited spins take relaxation 






































子 1H 占到生物组织原子数的 2/3，氢核的磁化强度也是人体常见磁性核中最高的，





弱不等，构成了 MRI 图像的基础对比度。但人体各器官、组织的 T1和 T2 长短的
差别远大于质子含量的差异，尤其病变与正常组织之间更是如此，故临床应用
MRI 时常突出 T1 和 T2的差别，以形成更大的对比度，有利于显示病变。 
MRI记录的是弛豫过程的时间参数T1和T2，单从数字来辨别信号不够直观，
需要对数据进行加权重构，从而将磁共振信号可视化输出。MRI 的图像分为 T1-
加权图像和 T2-加权图像。在 T1-加权图像中，回波信号强度表达式为： 




其中 A 和 B 为拟合常数。由此可见，T1 短则磁共振信号强，即在 T1加权图
像上显示更亮；相反地，如果 T1 长则信号弱，在 T1 加权图像上显示更黑。 
在 T2-加权图像中，回波信号表达式为： 




其中 C 为拟合常数。由此可知，T2 长则信号强度强，在 T2加权图像上显示
















MRI 目前仍是以提供解剖图像显示病变情况为主，与 CT 等其他影像诊断方
法相比，其具备以下的优点[1, 8-10]： 
一、无电离辐射危害。影像诊断是利用不同的电磁波穿入或穿透人体过程中










回波信号等。而 MRI 是一种多参数的成像方法，常用的有质子密度像，T1 加权
像和 T2 加权像等。 
四、高组织分辨率。MRI 信号的主要来源于质子，而体内质子的分布极广。


































造影剂的应用，据不完全统计，目前临床 MRI 检测中，大约 30-40%的病例都需
要使用造影剂[11, 12]。 
MRI 造影剂与 X 线造影剂在作用机理上是迥然不同的。X 线造影剂（例如
钡剂和碘剂）利用的是其对 X 线的吸收作用比生物组织的大，从而产生对比以
显影。因此在 X 线图像上，我们所“看到”的是造影剂本身。而 MRI 造影剂本
身在图像上是“不显影”的，它是通过缩短组织的弛豫时间来影响图像的信号强
度。如果 T1 缩短效应占优势，那么在 T1 加权像会清楚地看到组织信号强度有净






















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
